Objective To estimate the number of deaths and readmissions associated with delay in operation after femoral fracture. Design Analysis of inpatient hospital episode statistics. Setting NHS hospital trusts in England with at least 100 admissions for fractured neck of femur during the study period. 
Introduction
Each year, about 60 000 hip fractures occur in the United Kingdom, principally in elderly women, with mortality 10-20% above that expected on the basis of age and sex. 1 The importance of delay in operation (the time between admission to hospital and corrective operation) is "inconclusive." 2 In older patients, a valid reason for delay is the need to stabilise concurrent medical conditions. A Swedish study found that a delay of up to a week did not result in more complications. 3 In contrast, two studies found that delay increased the risk of death and morbidity even in physiologically stable patients. 4 5 The Royal College of Physicians' guidelines recommend that patients should be operated on within 24 hours of admission. 6 In practice, this may be hard to achieve.
We estimated the association between operative delay in patients admitted from home with a fractured hip and death in hospital and emergency readmission rates within 28 days of discharge using routine hospital data.
Methods
We examined data from the hospital episode statistics for the period April 2001 to March 2004 for all NHS hospitals in England and extracted records of patients aged ≥ 65 with a primary diagnosis of fractured hip (ICD-10 (international classification of disease, 10th revision) codes S720-S722) admitted from their home. We excluded those admitted from nursing and residential homes (using the source of admission field) to ensure a more homogeneous premorbid health status. 3 Only a patient's first admission for hip fracture was included. Patients were allocated to one of four treatment categories according to the first orthopaedic procedure (with an OPCS4 (operative procedure classification system code) beginning with W, if any) identified from an inspection of each procedure field in each episode in turn of the admission: fixation (W19, W20, W24, W25 covering primary open or closed reduction and internal or external fixation), prosthetic replacement of head of femur (W46-W48), any other procedure (including non-orthopaedic ones if no fixation or replacement procedure was recorded anywhere in the admission), and no procedure recorded ("medical management"). Records with an unknown or invalid date of procedure were excluded. We included all hospital trusts with > 100 admissions for fractured hip over three years.
We used two definitions of delay: more than one day (if the date of the operation was two or more days later than the admission date) and more than two days (if the gap was three or more days). For each patient, we use three outcome measures: any death in hospital during the initial admission for the fracture, death in hospital within 30 days of the initial admission, and emergency readmission within 28 days of discharge at the end of the initial admission.
Logistic regression models were fitted for each outcome with these covariates: age group (five year bands up to 90-94, then ≥ 95), sex, treatment category, and fifth of ward level socioeconomic deprivation with the 2004 index of multiple deprivation. 7 The secondary diagnosis fields were used to derive several binary comorbidity variables: dementia or Alzheimer's (ICD-10 codes F00-F03, G30), diabetes (E10-E14), chronic ischaemic heart disease (I20, I23-I25), chronic lower respiratory disease (J40-J47), heart failure (I50), hypertensive disease (I10-I15), renal failure (N17-N19), and malignancy (any C code). As the goal was confounder control, all covariates were retained in the models. Random effects models with PROC NLMIXED in SAS 8 were then fitted with delay as the outcome (for patients having fixation or replacement procedures only) to take account of the "clustering" of patients within trusts. We estimated the number of outcome events associated with delay for patients having fixation or replacement operations only. Using regression, we derived the predicted probability of death for patients in each stratum from those with at most one day's delay. These probabilities were then multiplied by the number of patients in each stratum at each trust and summed by trust to obtain the total number of expected events (deaths or deaths at 30 days) for the trust. We calculated the difference between the actual (observed) number of events and the expected number for each trust, with 95% confidence intervals for the difference derived by assuming that the observed events followed an overdispersed Poisson distribution.
Results

Numbers of admissions and procedures
There were 151 trusts with at least 100 admissions for hip fracture, yielding 129 522 admissions in patients aged ≥ 65 during the three years. A total of 18 508 died in hospital (14.3%), of whom 2068 (11.2%) died in another NHS hospital after transfer. Another 7428 admissions were excluded because of invalid data (mainly duplicate records and invalid dates of admission or discharge).
Overall, only 9206 (7.1%) had no procedure recorded (table 1), ranging from 0.8% to 23.2% between trusts. The mean number of fixation and replacement procedures was 761 per trust (range 80-1854). The proportion waiting more than one day or more than two days varied more than twofold between trusts.
Comorbidity was more common in surgical patients with delay compared with those with at most one day's delay and those managed medically (table 2). The differences in proportions across the delay groups in table 2 were highly significant for each variable (P < 0.001, except P = 0.081 for hypertension, Cochran-Armitage tests for trend). Table 3 gives odds ratios for mortality in hospital and emergency readmission for each factor considered. Age, sex, and fifth of deprivation were highly significant (P < 0.001, Wald tests) for all outcomes, and comorbidity factors were usually significant.
Factors associated with mortality and emergency readmission
The most common single cause (primary diagnosis) of emergency readmission within 28 days was hip fracture (11.9% for all patients and 10.2% for those having either a fixation or replacement), followed by "complications of internal prosthetic devices, implants and grafts" (ICD-10 T84, 7.2%) and unspecified pneumonia (J18, 5.5%). The data do not allow us to distinguish between new and existing fractures.
Effect of type of surgery and operative delay
Fixation and replacement procedures had similar mortality and readmission rates; patients with some other operation had almost twice the death rate and those with no operation had the highest rate of all. For patients having either a fixation or replacement, 11.0% of readmissions were for "complications of surgical and medical care not elsewhere classified" (codes T80-T88). These were more common after a replacement (14.5% v 8.1%, P < 0.001, 2 test). Overall, 39.9% of procedures were performed more than one day after admission (range between trusts 1.1%-82.7%) and 21.3% were delayed more than two days (1.1%-62.4%). Delay rates were similar for the two main procedure types but slightly more common in the oldest patients (35.9% in the 65-69 age range had more than one day's delay compared with 40.3% in those aged ≥ 95).
Variables associated with higher rates of delay were older age, female, the four most deprived fifths, replacement procedure, and each comorbidity variable (table 3) . For patients having only either a fixation or a replacement procedure and death or 30 day death as the outcome, age, sex, and fifth of deprivation were again highly significant, as was operative delay (both categories) and the comorbidity variables (P < 0.001, Wald tests). For readmissions, there was little evidence of an effect of delay (odds ratio 1.04, P = 0.13, for more than one day's delay and 1.04, P = 0.15, for more than two days' delay) (table 4) .
Adjustment for comorbidity reduced the estimated effect of delay. For all deaths in hospital, the odds ratio for more than one day's delay fell from 1.39 (95% confidence interval 1.34 to 1.44) to 1.27 (1.23 to 1.32) and that for more than two days' delay fell from 1.60 (1.54 to 1.67) to 1.43 (1.37 to 1.49) after adjustment for secondary diagnoses; the impact of adjustment was less for emergency readmissions. After adjustment for all measured factors, the death rate increased with delay in operation, as shown by the adjusted odds ratios relative to at most one day's delay in figure 1. There seems to be a decline after 12 days, which is probably due to some selection bias operating whereby more of the most ill patients had died before they could have an operation.
Difference between observed and expected deaths
We estimated differences between the observed number of deaths and the number expected with at most one day's delay for each trust. For a delay of more than one day, the sum of the difference for all deaths in hospital was 1742 in three years (1435 to 2049), or 9.4% of the 18 508 total deaths during that time. Half of the difference occurred in those aged ≥ 85, with 24% in the 80-84 age group. Differences per year at trust level ranged from 17 fewer to 38 more deaths. Forty of the 151 trusts had fewer observed deaths than expected. For more than two days' delay, the total difference between the observed and expected deaths in three years was 1307 deaths (1202 to 1412), 7.1% of the 18 508 total.
For deaths within 30 days of admission, the sum of the differences in the three years was 1155 (944 to 1366) for more than 
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Fig 1
Odds ratios of death within hospital by operative delay relative to at most one day's delay, after adjustment for age, sex, deprivation, type of procedure (fixation and replacement only), and selected comorbidities one day's delay and 825 (752 to 898) for more than two days' delay. Differences per year at trust level ranged from 10 fewer to 23 more deaths for more than one day's delay.
At trust level, there were no significant relations overall between delay rates and (in turn) the proportion of patients managed medically (P = 0.493), mortality (P = 0.207), and the readmission rate (P = 0.127). The 37 out of 151 trusts with more than half of their patients waiting more than one day for a fixation or replacement procedure, however, had significantly greater mean observed minus expected deaths than the other 114 (10.3, 0.8 to 19.8), after adjustment for volume by dividing the observed minus expected by the number of admissions and multiplying by 1000 to give a "difference per 1000 admissions." The trust with the largest difference (either raw or volume adjusted) had the second highest mortality and the 19th highest rate of delay. Figure 2 shows the differences per 1000 admissions by trust for the three years combined.
Discussion
Analysis of hospital episode statistics shows that after hip fracture a delay in operating was associated with a higher risk of mortality, even after we adjusted for available covariates. Although patients with a delayed procedure were on average only slightly older than those with no such delay, they were much more likely to have each of the comorbidity variables. The differences in the odds of death and the frequency of comorbidity also existed between patients managed surgically and those with no procedure. These findings suggest that comorbidity does indeed affect management, including the timing of operation, and that deleterious effect of delay remains after adjustment. If death rates in patients with at most one day's delay had been repeated throughout all 151 trusts in this study, there would have been an average of 581 fewer total deaths (9.4% of the total) or 385 total 30 day deaths per year. Our results are broadly comparable with those of a recent study that found an operative delay of more than four days was associated with greater mortality 9 ; the greater statistical power in our study enabled us to show the smaller effects of shorter delays (fig 1) .
The estimation of the numbers of deaths associated with delayed operation requires the identification of all important factors that are related to both the risk of death and the timing of surgery. The reasons for delay can be divided into clinical and organisational; the expected deaths are assumed to take into account the first category for the purposes of the calculation. It would be wrong to conclude, however, that delaying surgery by more than 24 hours costs 581 lives per year in England. Some of these will be due to pre-existing disease, which might itself have caused the fall or the fracture, or both. This may be partly mitigated by considering deaths within 30 days of admission (a performance indicator used by the Department of Health 10 ), which gave a total difference between observed and expected per year of 385 deaths. Some of these will be attributable to incomplete comorbidity coding and other unmeasured medical reasons for the delay.
Study limitations
Concerns about the quality of data from the hospital episode statistics remain. Although quality has improved greatly in recent years, data need careful interpretation. 11 Like many systems for hospital data, the statistics do not capture deaths out of hospital, which will reduce reported in hospital mortality in trusts that discharge early. We were able to capture most transfers to other NHS hospitals so this will mainly affect discharges home or to residential homes. The timing of discharge is related to factors such as availability of rehabilitation beds, preoperative delay, and postoperative complications. 12 The time between fracture and admission was also unknown and might be important. Deaths out of hospital are less important when we consider deaths within 30 days of admission, though this loss actually leads to an underestimate of the effect of operative delay.
A key factor influencing survival is mobility before the fracture. 13 We included only patients admitted from their own homes, who are likely to be healthier than patients living in nursing homes, 3 although this group also includes patients living in sheltered accommodation, who are likely to be more ill than patients living in their own home. Inclusion of the other patients showed that the place from which they were admitted was an important predictor of mortality (results not shown). The completeness of recording of comorbidity has been known to vary between trusts.
14 Some trusts may systematically underrecord secondary diagnoses, which will lead to overestimating the effect of operative delay and hence also the difference between the observed and expected deaths. There is evidence that the recording of secondary diagnoses is increasing. We inspected all emergency admissions in the hospital episode statistics datasets and found that in 1996-7 only 29% had one or more secondary diagnosis recorded; this increased to 55% the next year and rose to 60% in 2003-4. We used a diagnosis of Alzheimer's disease or dementia as an estimate of cognitive impairment but appreciate that this is a relatively insensitive measure of this important factor 15 ; measures such as the American Society of Anaesthesiologists score are not recorded. A further problem is that the statistics cannot distinguish between chronic but stable disease and acute exacerbations.
Because the statistics may not record all comorbidities, residual confounding remains possible and indeed likely. By repeating the analysis after artificially increasing the number of patients with any comorbidity variable recorded and decreasing the numbers without, so that the total patients remained the same, we can estimate the effect of systematic under-recording on the odds ratio for delay. Doubling the proportion of patients with at least one comorbidity variable in this way (probably an extreme scenario) would reduce the odds ratio for 30 day mortality from 1.25 to 1.17 (1.12 to 1.22). The deprivation fifth will to some degree act as a proxy for preoperative health status and was shown to be correlated with both delay and mortality, though it had a stronger association with readmissions. 
Readmissions
Patients managed conservatively had the highest risk of emergency readmission, presumably because of the underlying pathology that made them unfit for surgery. For those having fixation or replacement procedures, we found little evidence for higher emergency readmission rates associated with surgical delay and the effect was much smaller than for mortality. Adjustment for comorbidity made much less difference to these odds ratios than it did for mortality.
Conclusions
Delayed operation after hip fracture was associated with an increased risk of death in hospital, which was reduced but still persisted we adjusted for comorbidity. There was large variation between trusts in operative delay. Hospital episode statistics could be used for monitoring purposes, with outlying trusts becoming the focus of further investigation to assess why operative delay, mortality in hospital, or readmission rates are increased.
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What is already known on this topic
Over 60 000 hip fractures occur every year in the UK There is conflicting evidence from fairly small studies for the association between delay in operation and mortality, though Royal College of Physicians' guidelines recommend that patients be operated on within 24 hours of admission Operation may be delayed to stabilise concomitant medical conditions
What this study adds
In England, 40% of procedures were performed more than one day after admission Proportions of patients waiting for more than one day or more than two days for their operation varies widely between trusts Delay is associated with increased mortality: the association still exists but is reduced after adjustment for confounders Research BMJ Online First bmj.com
